This protocol describes the isolation of tonoplast vesicles from tomato fruit. The vesicles isolated using this procedure are of sufficiently high purity for downstream proteomic analysis whilst remaining transport competent for functional assays. The methodology was used to study the transport of amino acids during tomato fruit ripening (Snowden et al., 2015) and based on the procedure used by Betty and Smith (Bettey and Smith, 1993). Such vesicles may be useful in further studies into the dynamic transfer of metabolites across the tonoplast for storage and metabolism during tomato fruit development.
5. Soft paint brush (Sable No.5 or equivalent) 6. 1,000 µl micropipette
Procedure
The core procedure detailed here was designed to isolate high purity tonoplast vesicles for proteomic analysis. Modifications to the step gradient are included that allow higher yield preparations suitable for transport assays. As with all organelle isolation procedures the balance between yield and purity will depend on the downstream application. For example proteomic approaches are facilitated by a higher purity of membranes whilst transport assays require a higher yield of membrane. The scale of this protocol can be readily adapted for between 20 g to 80 g of starting material, maintaining the same proportion of plant biomass to buffer.
This procedure is carried out at 4 °C, in a cold room, using pre-chilled equipment and freshly prepared solutions incubated on ice for 4 h before starting.
1. Homogenise 60 g of tomato fruit pericarp [exocarp (outer skin) removed] (see Figure   1 ) with 150 ml Extraction buffer (see Recipe 1) in a blender. Note: The filtration should be done quickly and the transfer of foam should be avoided.
3. Centrifuge the homogenate at 20,000 x g for 20 min.
Note: This is an initial clarifying spin to remove cell debris and mitochondria.
4. Transfer the supernatant to clean ultra-centrifuge tubes and centrifuge at 100,000 x g for 60 min.
Note: This will pellet the membranes from the supernatant. 5. During the centrifugation prepare 2 step gradients. In clean, dry ultra-centrifuge tubes layer 5 ml of 32% sucrose, 5 ml of 24% sucrose, 10 ml of 12% sucrose and 5 ml of 6% sucrose (see Recipe 3 for sucrose solutions). Keep the gradients at 4 °C until needed.
Notes:
a. If the membranes are intended for transport assays a simplified gradient consisting of 12 ml of 24% and 12 ml of 6% sucrose can be used. Figure 2 These gradients have been used to isolate membranes from mature red fruit.
b. A schematic representation of the gradients is shown in
6. Remove the supernatant after centrifugation in step 4, ideally this is carried out using a 200 μl micro-pipette tip connected to an aspirator.
Note: Keeping the end of the tip just below the surface of the supernatant will reduce the amount of liquid that sticks to the walls of the tube (you should hear a slurping noise when the tip is placed optimally). It is important to avoid touching the pellet with the tip as this will result in membrane loss.
7. Resuspend all 6 pellets in a total of 5 ml of Resuspension buffer (see Recipe 2) using a soft paint brush. Gently sweep the tip of the brush across the membrane pellet until resuspended.
Note: To maximise yields first resuspend the pellets in a total of 3 ml then rinse the tubes and brush with the remaining 2 ml and combine. http://www.bio-protocol.org/e1686 Vol 5, Iss 24, Dec 20, 2015
Copyright © 2015 The Authors; exclusive licensee Bio-protocol LLC. 6 8. Layer 2.5 ml of resuspended membranes onto the top of each gradient and centrifuge at 100,000 x g for 60 min. 9. Harvest the membranes from the 6% to 12% interphase using a 1,000 µl pipette fitted with a tip cut at 45° (see Video 2) and transfer to a clean ultra-centrifuge tube.
Notes:
a. The membranes from the 2 gradients can be pooled at this point. b. Preps for transport assays should be harvested from the 6%-24% interphase.
Video 2. Harvesting gradients. The video shows how to harvest an interphase from a sucrose step gradient. The initial removal of the upper phases above the desired interphase is carried out with a 3 ml pastette, this step reduces contamination from carry through as a pipette tip passes through a membrane layer. Care is taken not to disturb the target interphase leaving approximately 0.5 cm of solution above this layer.
The membrane is harvested using a 1,000 µl pipette tip cut to 45•.
10. Add 20 ml of Resuspension buffer to the membranes and centrifuge at 100,000 x g for 60 min.
Note: This will wash the membranes. Note: If the membranes are for use in transport assays resuspend in Transport buffer (see Recipe 4) . 
1987) using specific inhibitors of tonoplast, mitochondrial and plasma membrane
ATPase (Smith et al., 1984) . Membrane H + -ATPase complexes are highly indicative of specific membranes; V-type, tonoplast; F-type, mitochondrial; P-type, plasma membrane. By assaying the rate of ATP hydrolysis in a membrane fraction and measuring the reduction in activity in the presence of specific inhibitors the relative purity of a membrane fraction can be determined, see Figure 3 for example. 3. To remove peripheral and soluble proteins a carbonate wash of the membranes can be performed. This should not be done on vesicles required for transport assays as you will no longer have sealed vesicles.
The intactness of membrane vesicles can be assessed through

